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The EJ Challenge of Linking Toxics to The EJ Challenge of Linking Toxics to 
Adverse Health OutcomesAdverse Health Outcomes
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Pollution

(ug/m3)

Chemical
Body Burden
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Driving Forces:
Social
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SpatiallySpatially--Mediated Inequality and Community HealthMediated Inequality and Community Health
� Residential Segregation

Diminish Community Capacity to Influence 
Regulation and Environmental Policy

� Institutional: Environmental Policy & Decision-Making 
(e.g. siting, sanctioning activities, pollution prevention & control strategies)

� Structural: Regional & Economic Development and Land Use Policy
(e.g. industrial and housing development decisions, transportation planning)

Disparities in Environmental Health Stressors

� Siting of Environmental Hazards

� Pollution Exposures (through air, water and soil)

� Increased Health Risks (cancer, respiratory, developmental, etc.)

Health Outcome Disparities

� Premature Death Rates

� Infant Morality, Childhood Asthma, Low Birth Weight

� Decreased Lung Function & Development



U.S. EPA’s National Air Toxics Assessment (NATA)

Dispersion modeling estimates long-term annual average 
outdoor concentrations of 33 air toxics for each census tract 
for 1996. 

Model includes mobile and stationary emissions sources:

! Manufacturing (point and area)

•e.g., refineries, small fabricators, chemical 
manufacturers

! Non-Manufacturing (point and area)

•e.g., utilities, hospitals, dry cleaners

! Mobile (on road and off road)

•e.g.., cars, trucks, air craft, agricultural equipment

! Pollution concentration estimates allocated to census 
tracts.



Estimating Cancer RiskEstimating Cancer Risk
Lifetime cancer risk calculated for each pollutant with Lifetime cancer risk calculated for each pollutant with 
toxicity information:toxicity information:

RRijij = = CCijij * * IURIURjj

RRijij = individual lifetime cancer risk from pollutant j in = individual lifetime cancer risk from pollutant j in 
census tract i.census tract i.

CCijij = concentration of HAP j in = concentration of HAP j in ugug/m/m33 in census tract i. in census tract i. 
IUR = Inhalation Unit Risk: cancer potency associated IUR = Inhalation Unit Risk: cancer potency associated 

with continuous lifetime exposure to pollutant j in with continuous lifetime exposure to pollutant j in 
(ug/m(ug/m33))--11

Risks summed across pollutantsRisks summed across pollutants



Key Science Policy AssumptionsKey Science Policy Assumptions

Methods based on U.S. EPA�s and California�s Methods based on U.S. EPA�s and California�s 
Risk Guidelines for carcinogenic risk Risk Guidelines for carcinogenic risk 
assessmentassessment
Air toxics classified by US EPA as known, Air toxics classified by US EPA as known, 
probable or possible human carcinogens were probable or possible human carcinogens were 
evaluated evaluated 
Cancer potency information for pollutants Cancer potency information for pollutants 
compiled by UScompiled by US--EPA and CalEPA and Cal--EPAEPA
Assumes exposures are chronic over a lifetimeAssumes exposures are chronic over a lifetime
Cancer risks are additive across pollutantsCancer risks are additive across pollutants



Extent of segregation across several demographic groups 
within a metropolitan statistical area (MSA).

½ ∑i ∑ j│Ni j – Ei j│

N ∑ j Pj (1 -Pj)

• Dm     =  multi-racial index of dissimilarity.

• N i j =  number of people in racial/ethnic subgroup j in census tract i. 

- racial/ethnic subgroups: White, African American, Latino, Asian, 
Native American.

• E i j =  expected number of people in subgroup j in census tract i, under 
the assumption of no segregation (Ni * Nj / N).

• P j =  proportion of people in subgroup j in the whole MSA population 
(Nj / N).

Segregation Measure: 
Generalized Index of Dissimilarity

Dm =



segregation (multi-racial dissimilarity index),
continental United States metropolitan statistical areas
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Estimated cancer risks associated with toxics exposures 
metropolitan statistical areas of the continental United States

Counties1990_continentalus.shp

Tracts1990_continentalus.shp
0 - 1
1 - 10
10 - 100
100 - 1000
1000 - 10000
10000 - 50000

States1990_continentalus.shp
Msas1993.shpEstimated lifetime cancer risk

(per million inhabitants)



Estimated Cancer Risk From Ambient Air Toxics,
by Race/Ethnicity and Segregation,

Continental U. S. Metro Areas
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Estimated Cancer Risk From Ambient Air Toxics,
by Race/Ethnicity and Household Income,

Continental U. S. Metro Areas, All Segregation Levels
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Estimated Cancer Risk From Ambient Air Toxics,
by Race/Ethnicity and Household Income,

Continental U. S. Metro Areas, Low Segregation (17%<Dm<30%)
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Estimated Cancer Risk From Ambient Air Toxics,
by Race/Ethnicity and Household Income,

Continental U. S. Metro Areas, Moderately Segregated 
(30%<Dm<45%)
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Estimated Cancer Risk From Ambient Air Toxics,
by Race/Ethnicity and Household Income,

Continental U. S. Metro Areas, Highly Segregated (45%<Dm<60%)
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Estimated Cancer Risk From Ambient Air Toxics,
by Race/Ethnicity and Household Income,

Continental U. S. Metro Areas, Extremely Segregated (60%<Dm<
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CovariatesCovariates
Segregation (MSA):Segregation (MSA):
�� low (17 to 30%)low (17 to 30%)
�� moderate (30 to 45%)moderate (30 to 45%)
�� high (45 to 60%)high (45 to 60%)
�� extreme (60 to 80%)extreme (60 to 80%)

Population Density (Tract)Population Density (Tract)
Townsend Index (Tract)Townsend Index (Tract): sum of four z: sum of four z--scores /4:scores /4:
�� crowdingcrowding
�� unemploymentunemployment
�� home ownershiphome ownership
�� car ownershipcar ownership

Sprawl (MSA)Sprawl (MSA): : 
�� mixed use indexmixed use index
�� street connectivity indexstreet connectivity index

Eligible Voters (Tract)Eligible Voters (Tract)
Average commute time (County)Average commute time (County)



relative cancer risk hazard from ambient air toxics,
by race/ethnicity and segregation level,

un-adjusted (crude)
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relative cancer risk hazard from ambient air toxics,
by race/ethnicity and segregation level, adjusted for

tract density, deprivation, eligible voters, MSA sprawl & county commute
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!Racial segregation plays an important role in the 
differential distribution of air pollution exposures across 
diverse communities.

! Stratifying by segregation shows estimated cancer risks 
are higher for all demographic groups within the most 
segregated areas.

! Demographic disparities are higher in the more 
segregated areas.

! Generalized linear models show segregation modifies the 
relationship between cancer risk and the racial composition 
of tracts even after controlling for population density, 
material deprivation (Townsend Index), built sprawl, 
political empowerment, and commuting time.

ResultsResults



LimitationsLimitations
Ambient air concentrations are not reflective of Ambient air concentrations are not reflective of 
personal exposures and do not include indoor personal exposures and do not include indoor 
exposures. exposures. 

Concentration estimates from 1996 that may have Concentration estimates from 1996 that may have 
changed significantly over time.changed significantly over time.

Several pollutants could not be included in this Several pollutants could not be included in this 
analysis due to limited cancer toxicity data.analysis due to limited cancer toxicity data.

Dispersion model underestimates concentrations of Dispersion model underestimates concentrations of 
certain pollutants.certain pollutants.

Potential for Potential for mismis--interpretation of ecological risk as interpretation of ecological risk as 
individual riskindividual risk



ConclusionsConclusions
Segregation appears to increase exposure to Segregation appears to increase exposure to 
carcinogenic ambient air toxics for all racial/ethnic carcinogenic ambient air toxics for all racial/ethnic 
groups.groups.

Disparities widen with increasing segregationDisparities widen with increasing segregation

Regulatory efforts should examine how zoning, land Regulatory efforts should examine how zoning, land 
use patterns, suburbanization and transportation use patterns, suburbanization and transportation 
development affect pollution streams and the development affect pollution streams and the 
distribution of associated risks among communities of distribution of associated risks among communities of 
color and the poor.color and the poor.

Future research should how relationship between Future research should how relationship between 
health outcomes and air pollution may be influenced by health outcomes and air pollution may be influenced by 
segregation.  segregation.  



Examining Links Between Segregation, Examining Links Between Segregation, 
Environmental InequalityEnvironmental Inequality

Health literature points to persistent association Health literature points to persistent association 
between segregation and mortality/morbidity between segregation and mortality/morbidity 
�� (e.g. infant mortality)(e.g. infant mortality)

Suggests spatiallySuggests spatially--mediated power distributions mediated power distributions 
across racial and economic lines across racial and economic lines 
Segregation may shape disparities in pollutant Segregation may shape disparities in pollutant 
exposures across demographic groups.exposures across demographic groups.
SpatiallySpatially--mediated differences in environmental mediated differences in environmental 
regulation and land use policy may also impact regulation and land use policy may also impact 
community environmental health.community environmental health.



pollutant-specific contributions to cancer risk weighting
(national average)

Diesel particulate matter
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cancer risks allocated by emission source and segregation level,
continental United States metropolitan areas
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Segregation Measure: 
Generalized Index of Dissimilarity

½ ∑i ∑ j│Ni j � Ei j│
N ∑ j Pj (1 -Pj)

• Numerator sums number of people who would have to 
move from one census tract to another to attain an 
equivalent racial/ethnic balance in every census tract 
within an MSA. 

• The denominator represents the maximum possible 
value of the numerator if each racial/ethnic group 
were completely segregated from one another in 
separate neighborhoods.

• The index varies from 0 (no segregation) to 1 
(completely segregated). 

Dm =



proportion of MSA's, counties, tracts, and people (by race/ethnicity),
by MSA segregation level (multi-racial dissimilarity index)
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Southern California Collaborative for Southern California Collaborative for 
Environmental Justice:Environmental Justice:

Connecting Research to ActionConnecting Research to Action

 


